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(54) Antenna 

(57) An antenna module suitable for use with a radio 
telephone is disclosed. The antenna module 200 com- 
prises an antenna 132, suitably multifilar configuration, 
and a support 1 1 8 which supports the antenna. The sup- 
port also supports a filter 128, 124 which is electrically 
coupled to the antenna, and an amplifier 1 24 electrically 
coupled to the filter. The amplifier is non-fixedly coupled 
to radio circuitry housed within a radio housing 1 02. Typ- 
ically, the antenna module can be non-fixedly coupled 
to the radio housing. 
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Description 

This invention relates to an antenna modufe for a 
radio which may be applied, for example, to a portable 
radio and particularly, but not exclusively, to a hand port- 
able radio telephone suitable for satellite radio tele- 
phone systems. 

A radio intended for two-way communication gen- 
erally operates with either an external fixed rod or re- 
tractable antenna, or with an internal antenna. The fixed 
rod type of antenna has a predetermined length. Whilst 
such antennas can be relatively short, they are not con- 
ducive to a compact design nor are they particularly suit- 
able for a radio intended to be carried in a pocket or 
other receptacle offering restricted space. On the other 
hand, retractable antennas are convenient for this pur- 
pose because they can be folded away when the radio 
is not in use. Retractable antennas are commonly of the 
telescopic tube type, although retractable fixed length 
antennas are also known. 

Generally, there has been a trend to using more 
compact antennas such as internal antennas or retract- 
able antennas. This is due to users of radios desiring 
the radios to be as compact as possible. 

Retractable or foldable antennae are mechanically 
coupled to the radio housing by a moveable joint, for 
example a rotating joint or a make or break connector 
comprising complementary colletts as described in Brit- 
ish Patent Application 2 257 836. A problem with such 
moveable joints is that they do not provide good radio 
frequency coupling to radio circuitry disposed in the 
housing and are a source of high losses, especially at 
microwave frequencies. 

This is a particular problem in applications where 
the received radio signal is of a very low power level, for 
example satellite receivers. In a GPS satellite receiver 
a Low Noise Amplifier (LNA) has been included in the 
antenna housing before the coupling to the radio hous- 
ing. An example of such an antenna and LNA is a die- 
lectric patch antenna package manufactured by FDK 
Corporation Model No. DA-IC05. 

It is noted that the term "elongate antenna element" 
as used herein encompasses for example a rod type an- 
tenna or a coil type antenna having a generally elongate 
configuration. Also the term "helical" is not restricted to 
a helix having a uniform diameter but is intended to in- 
clude a coil having a progressively widening diameter, 
viz. a spiral configuration, and multi-filar configurations. 

According to the present invention there is provided 
an antenna module for a radio, comprising a radiative 
element, a filter means electrically coupled to the radi- 
ative element and disposed proximal to the radiative el- 
ement, and an amplifying means electrically coupled to 
the filter means, wherein the module further comprises 
coupling means for non-fixedly coupling the amplifying 
means to a radio. 

This has an advantage in that the radiative element 
and filter can be coupted together directly, or via just an 



impedance matching or phase shifting network. Thus, 
transmission of a signal from the radiative element to 
the front end filter via lossy elements such as co-axial 
cable or non-fixed couplings for example, is unneces- 
5 sary, and losses or noise introduced by such transmis- 
sion can be avoided. Additionally, relatively large com- 
ponents such as filters may be placed in the antenna 
module and thus outside of a radio housing, thereby re- 
ducing the volume required for the radio housing and 
10 facilitating smaller sized radios. Such is especially the 
case when the antenna module is detachable for exam- 
ple in dual mode or dual band GSM/Satellite radio tele- 
phones. A further advantage is that the front end filtering 
and amplification can take place within the antenna sup- 
*5 port rod. Thus, low power received signals do not need 
to be coupled across moveable generally lossy joints 
before amplification, but can be amplified before being 
coupled across such joints. This improves the signal to 
noise ratio of the signals coupled across the joint. 

Preferably the coupling means is adapted to non- 
fixedly couple the antenna assembly to a radio housing, 
which results in the antenna module being capable of 
forming a part of the radio only when it is in use, making 
its use convenient for a user. 

Optionally, for transmit signals amplification can 
take place after the moveable joint which reduces the 
absolute power lost when coupling over a moveable 
joint compared to amplifying the signal prior to the move- 
able joint. This is more efficient and for portable radio 
devices will act to prolong battery life. 

Generally, the filter means is a receive frequency 
band pass filter. Thus, the typically low power received 
signal can be input to the receive frequency band pass 
filter with as little attenuation or increase in noise as pos- 
sible. 

Advantageously, the amplifying means is a Low 
Noise Amplifier (LNA). By disposing an LNA after the 
receive filter there is the advantage that the LNA is not 
subject to spurious signals outside the receive band. 
This is particularly useful for satellite phones where the 
LNA is optimised for the relatively very tow power sig- 
nals received from the satellite system compared to sig- 
nals from terrestrial sources at frequencies outside the 
receive band. Such filtering of the spurious signals in- 
hibits noise interference or generation in the LNA and 
desensitisation of the LNA. 

A transmit frequency band pass filter may be dis- 
posed within the antenna module and electrically cou- 
pled to the radiative element. Optionally, a transmit fre- 
quency band pass filter is disposed within the antenna 
module and electrically coupled to a further radiative el- 
ement adapted to be operable for a transmit frequency 
band. A power amplifier may be coupled to an input of 
the transmit frequency band pass filter. Thus, much of 
the front end of a radio frequency part of a radio can be 
conveniently located in the antenna module. 

In an embodiment in accordance with the invention 
having both receive and transmit circuitry, duplexors or 
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switches may be employed to switch between receive 
and transmit signals. This increases the complexity of 
the circuitry and results in greater power losses. How- 
ever the use of an LNA acts to compensate for this pow- 
er lOSS. 5 

The filter means, receive and/or the transmit fre- 
quency band pass filter may comprise longitudinally 
coupled co-axial resonators and/or half wavelength ce- 
ramic resonators, which may have a circular cross-sec- 
tion making them particularly suitable for incorporation io 
into an antenna support which is typically cylindrical. 

In a particularly advantageous embodiment there is 
further provided a support means for supporting the ra- 
diative element, wherein the filter and amplifying means 
are disposed within the support means. The disposition is 
of the filter and amplifier advantageously utilise the fact 
that radiative elements are preferably disposed away 
from a user when in use : that is to say at the top of a 
support rod, and use space in the support rod which 
would otherwise be unused. 20 

Advantageously the antenna module is removably 
connectable to a housing for a radio. Thus, the relatively 
expensive and heavy components of the antenna mod- 
ule need only be coupled to the radio as required. This 
is particularly advantageous in a dual mode telephone 25 
such as a GSM/Satellite telephone where use as a sat- 
ellite telephone is likely to be infrequent. The antenna 
module can be designed for satellite use and utilised on- 
ly when a satellite call is desired to be made. Thus, the 
relatively bulky and heavy antenna module need not be 30 
carried at all times. 

Embodiments in accordance with the invention will 
now be described, by way of example only, and with ref- 
erence to the accompanying drawings in which: 

35 

Figure 1 is a schematic cross-section of a portable 
radio telephone incorporating an antenna module 
in accordance with the present invention; and 

Figure 2 is an enlarged cross-section showing the -to 
antenna module in Figure 1 in more detail. 

The portable radio telephone shown in Figure 1 
comprises a housing 102 enclosing a conventional 
transmitter 110 and receiver 112 coupled respectively -*s 
via a duplexor 108 to the inner conductor of the co-axial 
feed 106 to a conventional antenna 104. An example of 
such a conventional antenna 104 is further described in 
British Patent Application 2 257 836. 

The housing 102 also encloses all the other fea- so 
tures conventionally found in a portable radio telephone. 
Since these aspects are not directly relevant to the in- 
stant invention no further details will be given here. 

The portable radio telephone further comprises an 
antenna module 200 in accordance with an embodiment ss 
of the present invention. The antenna module 200 com- 
prises a support 118 enclosing various components. At 
one end of the support there is disposed an antenna 1 30 
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coupled to a receive filter 128 which in turn is coupled 
to a low-noise amplifier 126. The antenna 130 is also 
coupled to a transmitter filter 124 which in turn is coupled 
to a power amplifier 122. Antenna 130 may optionally 
comprise two elements, a receive antenna and transmit 
antenna respectively coupled to the receive filter 128 
and transmit filter 124. The antenna module 200 is me- 
chanically coupled to the housing 1 02 at region 1 20 (cir- 
cled). The mechanical coupling of the antenna assem- 
bly 200 to the housing 102 may be by means of a rotat- 
able joint or a sliding connection such that the antenna 
module 200 may be folded away or retracted into the 
housing 102 when not in use. Optionally, the antenna 
module 200 may be coupled to the housing 102 by 
means of a screw or snap-fit coupling such that when 
the antenna module 200 is not required for use, it may 
be stored away from the housing 1 02 such as in a user's 
pocket or briefcase. This obviates the need for the hous- 
ing 102 to have sufficient space to accommodate the 
antenna module 200 which results in the housing 102 
being capable of being of smaller volume than might oth- 
erwise be necessary. Additionally, the extra weight of 
the antenna module 200 is removed from the housing 
102 thereby resulting in a radio telephone which is gen- 
erally relatively light and only has increased weight 
when it is necessary to utilise the antenna module 200. 

Signals from the receive filter 128 via the low-noise 
amplifier 126 may be coupled into the conventional re- 
ceiver 1 1 2 via a suitable transmission means 1 1 6, such 
as a co-axial connection, for signal processing and the 
like. The transmit filter 1 24 may be coupled via the pow- 
er amplifier 1 22 to a transmission means 11 4 which in 
turn is coupled to conventional transmitter 110. Signals 
from the transmitter 110 may then be directed to the 
power amplifier 122 and through the transmit filter 124 
to be radiated by transmit antenna 132. 

In a particular embodiment of the invention the port- 
able radio telephone is a dual mode telephone operable 
for both the Global System for Mobiles (GSM) radio tel- 
ephone network, and a satellite radio telephone network 
such as the proposed INMARSAT system. Since the fre- 
quency of operation of the proposed INMARSAT satel- 
lite system is different to the frequency of operation of 
the GSM system it is necessary to have two separate 
antenna systems i.e. the conventional antenna 104 and 
the antenna module 200. Advantageously, the transmit- 
ter 1 1 0 and receiver 1 1 2 could comprise both the circuit- 
ry for implementing GSM processing and for processing 
signals for use with the INMARSAT system. Typically, 
this would require that respective GSM and INMARSAT 
signals are switched to different down converting units 
using different local oscillator frequencies in order to 
convert the signals to suitable base-band frequencies. 
Suitably, any commonality between respective signals 
would facilitate the dual use of respective transmitter 
110 and receiver 112 circuitry. A dual mode DCS 
1900/INMARSAT system would be particularly suitable 
for sharing TX/RX circuitry since the DCS system oper- 
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ates at 1900MHz and INMARSAT at 2000MHz. Thus, 
similar local oscillators and circuitry could be used for 
both systems. However, if this is not possible then sep- 
arate GSM or DCS and INMARSAT circuitry would need 
to be included within housing 102. 5 

Such embodiments utilise the present invention to 
great effect, since it would be usual that a user would 
typically use the GSM or DCS system more often than 
the INMARSAT system. Thus a user may advanta- 
geously have a low volume light weight portable cellular 10 
radio telephone for the majority of time, but when requir- 
ing to communicate via a satellite system can couple the 
satellite antenna module 200 to the housing 102. 

An antenna module 200 in accordance with an em- 
bodiment of the invention will now be described with ref- '5 
erence to Figure 2 and in the context of being operable 
for a satellite radio telephone system such as INMAR- 
SAT. Similar components already described with refer- 
ence to Figure 1 shall be described by the same refer- 
ence numerals as used in respect of Figure 1 . Support 20 
1 1 8 enclosing components of the antenna module may 
be made of any suitable plastics material capable of 
supporting the components and supporting a mechani- 
cal coupling to the housing 102. In a satellite radio tel- 
ephone system such as INMARSAT the receive and 25 
transmit frequencies are widely separated, for example 
by 200MHz, and consequently it is not possible to de- 
sign a single antenna capable of both receiving and 
transmitting on such widely separated frequencies. This 
problem is exacerbated by the fact that the receive sig- 30 
nal is generally very low power and the receive antenna 
is optimised to the receive frequency band in order to 
satisfactorily receive signals from the satellite system. 
Therefore., the antenna 1 30 comprises separate receive 
antenna 132 and transmit antenna 134 The separate 35 
receive and transmit antennas 132. 134 are formed in 
a multi-filar helical configuration. Optimally, the antenna 
may be a quadri-filar antenna. The antenna 130 may 
also comprise other antennae 1 32, 1 34 such as rod an- 
tennae. The receive antenna 1 32 is suitably coupled to -0 
the receive band-bass filter 128 via an impedance 
matching unit 202 and phasing unit in the case of a multi- 
filar antenna. The receive band-pass filter 1 28 is placed 
as close as possible to the receive antenna 1 32 in order 
that transmission losses and noise sources may be min- 4 5 
imised. For example, if the receive band-pass filter 128 
were to be disposed in the housing 102 of the portable 
radio telephone then there would need to be a substan- 
tial length of transmission line such as a co-axial line to 
couple the receive antenna to the band-pass filter 1 28. so 
Such a co-axial transmission line would inevitably intro- 
duce losses and thereby attenuate the signal and also 
could be a source of noise thereby degrading the re- 
ceived signal. The output of the receive band-pass filter 
128 is coupled to an input of a low-noise amplifier 126 ss 
for amplifying the received signal. Placing the low-noise 
amplifier 126 after the receive band-pass filter 128 
means that the low-noise amplifier 1 26 can be optimised 
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to process the wanted received signals. The receive 
band-pass filter should be designed such that it intro- 
duces as low losses as possible. Otherwise, the low- 
noise amplifier 126 would be desensitised and its oper- 
ating point would be forced away from that optimum for 
the signals received from the satellite telephone system. 

The received signal after amplification from the low- 
noise amplifier 126 is then coupled via a co-axial line 
212 to a receive signal terminal 218. 

The transmit antenna 1 34 is coupled via a transmis- 
sion co-axial line 210 to the transmit band-pass filter 
124. Although not shown in Figure 2 the transmit band- 
pass filter 1 24 may be coupled to a power amplifier 1 22 
either disposed within the support 118 or within the 
housing 102. As can be seen from broken lines 214 and 
216 the components which comprise the antenna mod- 
ule 200 may just comprise the antenna 1 30 the matching 
unit 202 the receive band-pass filter 128 and the low- 
noise amplifier 126. The transmit band-pass filter 124 
and power amplifier 122 may then be disposed within 
the housing 102. Optionally, the transmit band-pass fil- 
ter 124 may also be included within support 118 as part 
of the antenna module 200 or both the transmit band- 
pass filter 1 24 and power amplifier 1 22 can be included 
within support 118 as part of the overall antenna module 
as shown in Figure 1. A D C. connection for the LNA 
1 26 and/or power amplifier 1 22 may be via an R.F cou- 
pling to the housing such as a coaxial line 114/116 or 
dedicated power line. 

The receive band-pass filter 1 28 comprises ceramic 
resonators arranged in the form of co-axial ceramic 
blocks 204. The co-axial ceramic blocks 204 are ar- 
ranged such that inner conductors are of a half wave- 
length of the centre frequency of the receive band and 
are disposed end to end with a small gap or coupling 
elements between respective ends as shown. Ceramic 
resonators are particularly useful as small loss filters. 
Particularly since matching of impedances, e.g. unit 
202 ; between the antenna and filter, and filter and LNA 
input can be achieved by appropriately dimensioned 
lengths of co-axial ceramic blocks. Thus, the ceramic 
resonators may also act as impedance transformers as 
well as filters. This reduces discontinuities and thereby 
losses. A groove 210 may be milled into the external 
surface of the ceramic blocks forming the receive band- 
pass filter 1 28 to receive a co-axial line for transmission 
of the transmit signal. 

A co-axial transmission line for the transmit signal 
may be disposed outside of the band-pass filter and 
comprise a conventional transmission line. The transmit 
co-axial line disposed in track 210 in the band-pass filter 
123 is coupled via conductor 226 into the centre con- 
ductor of the transmit band-pass filter 1 24. The transmit 
band-pass filter 124 is formed in substantially the same 
manner as the receive band-pass filter 1 28 and may al- 
so include a transmission line 21 2 which couples the re- 
ceived signal from the low-noise amplifier 126 received 
via conductor 228 to the receive terminal 218. The input 
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to the transmit band-pass filter 124 comprises transmit 
terminal 220. The outer shield of coaxial resonators 
forming the band pass filters 1 24, 1 28 may be extended 
and have formed on its surface a phase shifting network 
coupled to respective elements of the receive/transmit 
antennas 132, 134. 

Optionally, a transmit/receive switch 222 or duplex- 
or may be included in the antenna support, i.e. above 
line 224, such that it is coupled to the power amplifier 
122 and LNA 126 on one side, and to the transmitter 
110 and receiver 112 on the other side by a single cou- 
pling effectively combining transmission lines 114 and 
1 1 6 into a single bi-directional line. Thereby reducing the 
number of electrical connections between the housing 
102 and antenna assembly 200, which results in more 
simple fabrication of connectors and operation. Alterna- 
tively, the receive terminal 21 8 and transmit terminal 220 
can be respectively coupled into the transmit 110 and 
receive 112 circuitry as shown in Figure 1 . 

An embodiment in accordance with the present in- 
vention may suitably comprise a helical antenna, co-ax- 
ial in-line ceramic resonators, LNA and power amplifier. 
All the components may be disposed in line and dimen- 
sioned so as to be enclosed within a support for the an- 
tenna. Thus, the front end of a transceiver may be 
formed within the antenna support, which facilitates 
modularity of a dual or multimode transceiver system 
such as a GSM/Satellite radio telephone. 

In view of the foregoing description it will be evident 
to a person skilled in the art that various modifications 
may be made within the scope of the present invention. 
For example, the antenna may be a single broadband 
antenna operable over both receive and transmit fre- 
quency bands. Additionally, the transmit and receive fil- 
ters may comprise a duplexor. 

The support means for the antenna may comprise 
a rod member at one end of which the antenna is dis- 
posed and the other end of which is supported by a 
housing for the filters 1 24, 1 28 and amplifiers 1 22, 1 26. 

The scope of the present disclosure includes any 
novel feature or novel combination of features disclosed 
herein either explicitly or implicitly or any generalisation 
thereof irrespective of whether or not it relates to the 
presently claimed invention or mitigates any or all of the 
problems addressed by the presently claimed invention. 
The applicant hereby gives notice that new claims may 
be formulated to such features during prosecution of this 
application or of any such further application derived 
therefrom. 
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ule further comprises coupling means for non-fixed- 
ly coupling the amplifying means to a radio. 

2. An antenna module according to claim 1 , wherein 
5 the coupling means is adapted to non-fixedly couple 

the antenna module to a radio housing. 

3. An antenna module according to claim 1 or claim 2, 
wherein the filter means comprises a receive fre- 

10 quency band pass filter. 

4. An antenna module according to claim 3, wherein 
the amplifying means comprises a Low Noise Am- 
plifier (LNA). 
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5. An antenna module according to any preceding 
claim, wherein the filter means comprises a transmit 
frequency band pass filter electrically coupled to the 
radiative element. 

6. An antenna assembly according to claim 5, wherein 
the transmit frequency band pass filter is electrically 
coupled to a further radiative element adapted to be 
operable for a transmit frequency band. 

7. An antenna module according to claim 5 or 6, 
wherein the amplifying means comprises a power 
amplifier electrically coupled to an input of the trans- 
mit frequency band pass filter. 

8. An antenna module according to any preceding 
claim, wherein the filter means comprises a duplex- 
or. 

9. An antenna module according to any preceding 
claim, wherein the filter means comprise a longitu- 
dinally coupled co-axial resonator, and/or a half 
wavelength ceramic resonator. 

10. An antenna module according to any preceding 
claim, further comprising a support means for sup- 
porting the radiative element, wherein the filter 
means and amplifying means are disposed within 
the support means. 

11. An antenna assembly according to any preceding 
claim, removably connectable to a housing for a ra- 
dio. 



50 12. A radio apparatus comprising an antenna assembly 
according to any preceding claim. 
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1. An antenna module for a radio, comprising a radia- 
tive element, a filter means electrically coupled to 
the radiative element and disposed proximal to the 
radiative element, and an amplifying means electri- 
cally coupled to the filter means, wherein the mod- 
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(54) Antenna 

(57) An antenna module suitable for use with a radio 
telephone is disclosed. The antenna module (200) com- 
prises an antenna (1 32), suitably multifilar configuration, 
and a support (118) which supports the antenna. The 
support also supports a filter (1 28, 1 24) which is electri- 
cally coupled to the antenna, and an amplifier (124) 
electrically coupled to the filter. The amplifier is non-fix- 
edly coupled to radio circuitry housed within a radio 
housing (102). Typically, the antenna module can be 
non-fixedly coupled to the radio housing. 
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